the mostly highly effective H-ion concentration for bacteriostatic action by basic dyes. According to Demby (1921) there are organisms such as the staphylococcus, whose optimum H-ion concentration lies between the pH limits of 7.2 and 7.6. For such an orgism our data here presented will show that basic dyes would be far more inhibitive at a pH of 7.6 than at 7.1 the former being incidentally the pH of human blood.
Traube (1912) found that Na2CO8 accentuates the toxicity of certain stins, notably crystal violet. Prowazek (1910) noted likewise that the addition of NatCO increased the activity of methylene blue. Dernby and Davide (1923) state that eucupin and the quinine alkaloids are more effective against the staphylococcus and diphtheria bacilli in solutions which are more alkaline than the blood.
In the cases of acidic substances, Graham-Smith (1919) found quinine more effective in acid than in neutral or alkaline solutions. Davis and White (1918) found that acid chlor-mercury fluorescein was more active in acid solution.
Data showing to what extent it is important to determine the H-ion concentration at which a specific bacteriostat is most inhibitive for a specific organisn are given below, which suggest answers to other relative and cogent questions. The pH range through which the effect of any dye was studied was not arbitrarily chosen but was the range through which the organism in question has been shown to grow. Except where otherwise stated these limits were obtained from Dernby (1921) . In all cases the limits of the range were tested by growing the particu.i lar strains studied in 0.2 per cent lactose broth adjusted to the upper and lower limiting values of the particular range through which they were subsequently to be studied. The media were buffered by phosphate mixtures.. A minimuim total salt concentration of about one-fifteenth molar was required to hold the pH constant. This latter was checked both before and after incubation by the indicator method. Doubling the concentration of buifer material did not affect the results. In the cases where gentian violet was used a 0.2 per cent lactose broth was generally employed. It was found, however, that identical results were obtained when a 1 per cent glucose broth was used in its stead.
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A. BASIC DYES As Simon and Wood (1914) have suggested, we may assume that in the structure of the bacterial organism we find receptors for either acidic or basic substances. This idea might be repre-NH2
sented by a type formula R COOH' the acid group acting as receptor for a basic substance and vice versa; or it might be more simply represented by the formula HPrOH. The present authors (1923) found that at a high pH range, from about 7.6 to 8.5, bacteria as they developed in gentian violet media would settle to the bottom as a deep purple precipitate, decolorizing the solution, whereas at a lower pH range, from 4.3 to 5, the bacteria which settled were only slightly stained and the solution remained a deep purple.
The following series of equilibria may be thought of as establishing themselves in a system of bacteria and dye. We will represent any basic dye by the formula DOH.
( Maximum bacteriostatic action occurs with maximum formation of the un-ionized dye-protein compound, DPrOH. A study of the above equilibria would lead, among others, to three predictions. Data bearing on each of these are presented below.
I. The long arrows in the above set of equations show the direction in which the equilibrium would shift for an increase in alkalinity. This direction is obvious for equations 1 and 2, and it is clear that the effect of hydroxyl ion concentration on number 3 is only indirect. Equation 4, the hydrolysis of the dyeprotein compound, takes account of the fact that the dye will be much stronger as a base than the bacterial cell protein is as an acid, and thus for comparison of effect the dye is represented as ionized compared to the protein. Increase in alkalinity would aid, directly or indirectly, the formation of DPrOH, and thus augment the bacteriostatic effect of a basic dye, in the equilibria represented by equations 2 and 4. It would work against the formation of DPrOH in equation 1. Since, however, the dye will be much more strongly ionized than the protein the effect of an increase in alkalinity on number 1 will be much less than on number 2,1 and we should expect an increase in alkalinity to increase the effective dilution of the basic dye. Table 1 gives the results of experiments with gentian violet on some Gram-negative organi m . Twenty-four hour agar I An example will make this clear. If we take two weakly ionized substances, one weaker than the other, say with ionization constants 10-and 10-9, and calculate the effect of a change of pH from 4.0 to 8.0, we find, assuming for simplicity that they are both bases, that the ion concentration of the stronger is decreased by 10 ten times while that of the latter is decreased by a million times. I.e., the same pH change affects the weaker one 10,000 times as much as the stronger in the above case, which is fairly typical. cultures were washed off by the addition of sterile nutrient broth. To insure the same amount of inoculation two drops of bacterial suspension were transferred by means of a sterile pipette to each tube of 0.2 per cent lactose broth containing definite amounts of dye and buffered with a phosphate mixture. The results are those obtained after seventy-two hours incubation. Table 2 , givng results for strongly Gram-positive organisms, while in accord with the well known fact that this group of organisms is in general more sensitive to basic dyes than the Gram-negative shows clearly that the behavior toward these dyes under varying conditions is perfectly analogous to that of the Gram-negative organisms. The culture of staphylococcus used was isolated from an infected knee and was found to grow Here also the data represent the results of seventy-two hours incubation. Table 3 gives results obtained with two other basic dyes brilliant green, which is more strongly basic than gentian violet, and para-rosaniline, which is less strongly basic than gentian violet. The organism studied was Bacillus coli. Data for both forty-eight and seventy-two hours incubation are included. The peculiar behavior of the brilliant green should be especially noted. Its behavior was normal up to a pH of about 7, beyond which its color faded out. Up to the point of this change it exerts an extremely powerful bacteriostatic action, but beyond this point this power is largely lost. The point is rather sharp since at 6.8 to 6.9 perfectly normal action is encountered while at 7.16 peculiar results are obtained.
Another striking phenomenon, which, unfortunately, it is Impossible to show in our tables, is the comparative quantity of growth. In general it may be said that in such cases as repre- and Stearn, 1924b ) the bacteria are probably not killed by these dyes except perhaps at fairly high concentrations, but are merely fixed and rendered temporarily powerless to multiply. The following is the evidence that this prediction is true. Tubes containing dye in which no growth appeared after seventy-two hours incubation were treated with a solution containing the same concentration of dye but so acidified that the final pH would be lower than that at which the original incubation took place, and would be one at which decided growth had been shown to take place. Invariably, after twenty-four hours incubation, growth took place, shown not only by clouding of the media but also by streaking on agar and microscopically III. Basic strength of dye. A third prediction one might make is that the greater the basic strength of the dye the more effective a bacteriostat it will be at any one pH. This is brought out in equation 1, for the stronger the dye the greater the concentration of dye ion D+. While no accurate data on the ionization constants of the dyes used are available, the effect on the basic or acidic strength of the substitution of various groups in various positions in the molecule is more or less definitely known, and thus comparative basic strengths can be determined. (For a somewhat more full discussion of this question applied to the triphenylmethane dyes, see Steam and Steam, 1924b.) Table 5 compares the limiting dilutions of the basic dyes used on Bacillus coli at the same pH. The order is that of decreasing basic strength. It should be pointed out that from consideration of their formulas there is probably little difference between the basic strength of gentian violet and methyl violet. They should be nearly the same. The former has in it one more methyl group and might be a shade the stronger. opposite effect to that with basic dyes. Table 6 gives results for eosin, acid violet 5B, and acid fuchsin. Using a buffered 0.2 per cent lactose broth, a loopful of Bacillus coli suspension was inoculated and.incubated for seventy-two hours. In the more alkaline solutions the dyes are seen to be less effective. Table 6 is arranged in the probable order of decreasing acidic strength of the dyes. A glance at these data will show the increase in bacteriostatic power with the acidic strength, keeping the pH constant.
C. EFFECT OF THE PREVIOUS ENVIRONMENT OF THE ORGANISM ON ITS SENSITIVITY TO DYES
The importance of this problem, from the point of view both of classification or identification and of resistance to bacteriostats and bacteriocides, is apparent. Below are presented the results of a few preliminary experiments in this direction. They will not be discussed at this time.
I. A twenty-four-hour growth of Staphylococcus aureu was stained for one minute with a sterilized solution of gentian violet by thoroughly mixing while still suspended on the agar slant. The stained organisms were then inoculated into nutrient broth, one tube at a pH of 6.2 and another at a pH of 7.7. After twentyfour hours incubation vigorous growth of the organism had developed in the broth at a pH of 6.2, but there was no growth whatsoever in the other tube.
II. For two weeks a culture of Bacillus coli grew in nutrient broth whose pH was kept at 6.2. Another culture was grown at a pH of 7.7. They were twice transferred to new media and kept at 37°. At the end of this period a loopful of the culture media was inoculated into methyl violet-0.2 per cent lactose broth. The results are included in table 8. Readings were made after twenty-four, forty-eight, and seventy-two hours. While the final readings were the same in the case of both cultures, the twenty-four-hour and even the forty-eight-hour readings were not. The culture which had been kept in the more alkaline medium at a pH of 7.7 is rendered temporarily more sensitive to the action of the methyl violet, and it is only after some time that it recovers its normal ability to multiply in the presence of the dye.
The results under "a" were from the culture kept for two weeks in a broth at a pH of 6.2, those under "b" were from the culture at 7.7 described above. The results under "c" came 354 from inoculations from a suspension prepared from an agar slant kept at a pH of about 7.0 for forty-eight hours. 
